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OverviewOverview

Process and ParametersProcess and Parameters
Demand Calculation MethodologiesDemand Calculation Methodologies
Supplies Supplies –– Data and estimatesData and estimates
Water BalanceWater Balance
–– DepletionsDepletions
–– Deep PercolationDeep Percolation
–– OutflowOutflow





Water Balance ParametersWater Balance Parameters
TOTAL SUPPLY = WATER USETOTAL SUPPLY = WATER USE
CUAWCUAW (Consumptive Use of Applied Water)(Consumptive Use of Applied Water)
Agricultural Evapotranspiration of Applied Agricultural Evapotranspiration of Applied 
Water (ETAW)Water (ETAW)
Environmental ETAWEnvironmental ETAW
Municipal and IndustrialMunicipal and Industrial

–– Single Family Interior UseSingle Family Interior Use
–– Single Family Exterior UseSingle Family Exterior Use
–– Multi Family Interior Use Multi Family Interior Use 
–– Multi Family Exterior UseMulti Family Exterior Use
–– Commercial UsesCommercial Uses
–– Urban LandscapingUrban Landscaping
–– Etc.Etc.

CUAW by RECUAW by RE--USEUSE
Agricultural CUAW met by REAgricultural CUAW met by RE--USE USE 
Environmental CUAW met by REEnvironmental CUAW met by RE--USEUSE
Urban CUAW met by REUrban CUAW met by RE--USEUSE
IRRECOVERABLE LOSSESIRRECOVERABLE LOSSES
Agricultural Conveyance System EvaporationAgricultural Conveyance System Evaporation
Urban Conveyance System EvaporationUrban Conveyance System Evaporation
Environmental Conveyance System Environmental Conveyance System 
EvaporationEvaporation
Riparian Evapotranspiration (ET)Riparian Evapotranspiration (ET)

Miscellaneous Agricultural ETMiscellaneous Agricultural ET
Drain water to a Salt Sink or OceanDrain water to a Salt Sink or Ocean
Water to contaminated aquifer (salt water).Water to contaminated aquifer (salt water).
OUTFLOWOUTFLOW
Conveyance System Spill and SeepageConveyance System Spill and Seepage
Agricultural, Environmental, and/or Urban Agricultural, Environmental, and/or Urban 
DrainageDrainage

–– To other To other DAUsDAUs within Countywithin County
–– Out of CountyOut of County
–– Out of Planning Area (PA) or Planning Out of Planning Area (PA) or Planning 

SubareasSubareas (PSA)(PSA)
WastewaterWastewater
DEEP PERCOLATIONDEEP PERCOLATION –– Groundwater (GW) Groundwater (GW) 
AquiferAquifer
Conveyance Losses Conveyance Losses –– Deep Percolation (DP)Deep Percolation (DP)
Agricultural Agricultural –– DPDP
Urban Urban –– DPDP
Environmental Environmental –– DPDP
CHANGE IN STORAGE CHANGE IN STORAGE –– GW AquiferGW Aquifer
Accretion to a Tributary Accretion to a Tributary –– Outflow increases, Outflow increases, 
when GW Aquifer is at full capacity or above.when GW Aquifer is at full capacity or above.
Depletion from a Tributary Depletion from a Tributary –– Outflow Outflow 
decreases, when GW Aquifer is below full decreases, when GW Aquifer is below full 
capacity.capacity.



Ag Water Use ModelAg Water Use Model

Monthly Applied Water and ETAWMonthly Applied Water and ETAW
–– ETAW calculated by monthly Soil Moisture BalanceETAW calculated by monthly Soil Moisture Balance

Soil Data InputSoil Data Input
Crop Data and ManagementCrop Data and Management
Precipitation data (aerial correction, infiltration curves)Precipitation data (aerial correction, infiltration curves)

–– Applied WaterApplied Water
Annual crop acreageAnnual crop acreage

–– Land Use SurveyLand Use Survey
–– Projection of Land Use Survey from Ag Commissioner Projection of Land Use Survey from Ag Commissioner 

reports reports 
Application Fractions (e.g. irrigation efficiencies)Application Fractions (e.g. irrigation efficiencies)
Cultural Practices (leaching, frost protection, preCultural Practices (leaching, frost protection, pre--
irrigation, rice floodirrigation, rice flood--up/flowup/flow--thru)thru)





















Urban Water UseUrban Water Use

Develop Representative PerDevelop Representative Per--capita Water capita Water 
Use by ClassUse by Class
–– Residential, Industrial, Commercial, LandscapeResidential, Industrial, Commercial, Landscape

Determine Interior / Exterior UseDetermine Interior / Exterior Use
Evaluate Sewerage vs. SepticEvaluate Sewerage vs. Septic
CalculateCalculate
–– Landscape Depletion (ETAW0Landscape Depletion (ETAW0
–– Landscape Deep PercolationLandscape Deep Percolation
–– Septic Deep PercolationSeptic Deep Percolation

Balance componentsBalance components





Managed Wetland Water UseManaged Wetland Water Use

Habitat TypesHabitat Types
–– UplandUpland
–– Permanent PondsPermanent Ponds
–– Seasonally Flooded MarshSeasonally Flooded Marsh
–– Summer WaterSummer Water
–– WatergrassWatergrass ProductionProduction
–– RiceRice



Managed Wetland Water UseManaged Wetland Water Use

Habitat AcreageHabitat Acreage
Evaporation and Evaporation and EvapotranspirationEvapotranspiration of of 
Applied Water (ETAW)Applied Water (ETAW)
PrecipitationPrecipitation
FloodFlood--up / Storageup / Storage
PercolationPercolation
Circulation Flows / RunoffCirculation Flows / Runoff



Sacramento Sacramento 
NWRNWR







Northern District Water Northern District Water 
BudgetsBudgets

InflowInflow--Outflow AnalysisOutflow Analysis
–– By DAU/County By DAU/County subareasubarea
Develop Land Use/Water Source DataDevelop Land Use/Water Source Data
Collect Diversion DataCollect Diversion Data
Develop Water DemandsDevelop Water Demands
–– Ag Water UseAg Water Use
–– Urban Water UseUrban Water Use
–– Managed Wetland Water UseManaged Wetland Water Use



GLE 163 COL 163 YOL 163 GLE 164 COL 164 YOL 164 TOTAL
Local Surface W ater 3.0 TAF 3.0 TAF 3.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 9.0 TAF

S State W ater Project 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF
U Central Valley Project / Sacram ento River 503.5 TAF 636.4 TAF 13.8 TAF 14.7 TAF 161.2 TAF 99.3 TAF 1,428.9 TAF
P Other Federal 2.1 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 2.1 TAF
P Ground W ater 272.6 TAF 86.0 TAF 81.8 TAF 25.6 TAF 92.1 TAF 3.7 TAF 561.8 TAF
L Sub-Total (Prim e Supply) 781.2 TAF 725.4 TAF 98.6 TAF 40.3 TAF 253.3 TAF 103.0 TAF 2,001.8 TAF
Y In flow Drain W ater 19.2 TAF 239.1 TAF 86.1 TAF 0.0 TAF 30.9 TAF 29.2 TAF 404.5 TAF

Carry-over Drainage Reuse 8.8 TAF 54.7 TAF 4.0 TAF 0.2 TAF 7.5 TAF 0.0 TAF 75.2 TAF
Recla im ed W aste W ater 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF

Total Supply 809.2 TAF 1,019.2 TAF 188.7 TAF 40.5 TAF 291.7 TAF 132.2 TAF 2,481.5 TAF
Evapotranspiration of Applied W ater

Agricultural:  ETAW 432.2 TAF 459.3 TAF 93.8 TAF 21.1 TAF 184.4 TAF 77.6 TAF 1,268.4 TAF
D W ild life Refuge 10.5 TAF 13.9 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 24.4 TAF
E Municipal & Industria l 2 .0 TAF 2.3 TAF 0.0 TAF 0.0 TAF 1.0 TAF 0.0 TAF 5.3 TAF
P Fall F lood / Private W etland:  R ice Drainage 2.6 TAF 12.9 TAF 1.6 TAF 0.1 TAF 2.5 TAF 0.0 TAF 19.7 TAF
L Fall F lood / Private W etland:  Supply 16.9 TAF 19.5 TAF 0.1 TAF 0.3 TAF 2.8 TAF 3.1 TAF 42.7 TAF
E Other Consum ptive Losses
T Conveyance System  Evaportation:  Supply 2.5 TAF 3.2 TAF 0.1 TAF 0.1 TAF 0.8 TAF 0.5 TAF 7.2 TAF
I Riparian ET:  Supply 13.2 TAF 10.4 TAF 2.0 TAF 0.7 TAF 3.4 TAF 1.5 TAF 31.2 TAF

O Miscellaneous Agricultura l ET 6.9 TAF 7.4 TAF 1.3 TAF 0.3 TAF 3.1 TAF 1.3 TAF 20.3 TAF
N Miscellaneous W ild life  Refuge ET 0.2 TAF 0.5 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.7 TAF

Miscellaneous Fall F lood / Private W etland ET 1.0 TAF 1.2 TAF 0.0 TAF 0.0 TAF 0.1 TAF 0.1 TAF 2.4 TAF
Total Depletion 488.0 TAF 530.6 TAF 98.9 TAF 22.6 TAF 198.1 TAF 84.1 TAF 1,422.3 TAF

P Percolation of Applied W ater
E Conveyance System  Percolation 76.3 TAF 102.3 TAF 0.7 TAF 1.3 TAF 22.6 TAF 9.4 TAF 212.6 TAF
R Agricultural Percolation (Surface water) 23.4 TAF 33.3 TAF 2.4 TAF 0.1 TAF 11.2 TAF 6.3 TAF 76.7 TAF
C W ild life Refuge Percolation 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF
O Fall F lood / Private W etland Perc.:  Supply 2.6 TAF 2.8 TAF 0.0 TAF 0.0 TAF 0.2 TAF 0.3 TAF 5.9 TAF
L Fall F lood / Private W etland Perc.:  R ice Drainage 0.5 TAF 4.9 TAF 0.0 TAF 0.0 TAF 1.0 TAF 0.5 TAF 6.9 TAF
A Subtotal 102.8 TAF 143.3 TAF 3.1 TAF 1.4 TAF 35.0 TAF 16.5 TAF 302.1 TAF
T Percentage of subtota l (Deep Percolation) 36.0 TAF 35.8 TAF 0.9 TAF 0.7 TAF 8.8 TAF 4.1 TAF 86.3 TAF
I Groundwater Percolation (Agricu ltural) 34.3 TAF 10.3 TAF 7.0 TAF 1.9 TAF 19.6 TAF 0.1 TAF 73.2 TAF

O M & I Percolation (Septic &  Outdoor Deep Percolation) 3.0 TAF 1.5 TAF 0.0 TAF 0.0 TAF 0.4 TAF 0.0 TAF 4.9 TAF
N Total Deep Percolation 73.3 TAF 47.6 TAF 7.9 TAF 2.6 TAF 28.8 TAF 4.2 TAF 164.4 TAF

Conveyance System  Spill and Seepage 15.9 TAF 31.9 TAF 0.2 TAF 0.4 TAF 4.8 TAF 3.0 TAF 56.2 TAF
O Agricultural & Enviornm ental Drainage
U To Other DAUs within County 0.0 TAF 28.4 TAF 35.0 TAF 14.7 TAF 0.0 TAF 6.8 TAF 84.9 TAF
T To Sam e DAU, Out of County 223.2 TAF 53.2 TAF 0.0 TAF 0.0 TAF 26.7 TAF 0.0 TAF 303.1 TAF
F To Other DAU, Out of County 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 25.8 TAF 0.0 TAF 25.8 TAF
L Out of PA, Outflow to Ocean, or Outflow to Salt S ink 0.0 TAF 272.8 TAF 42.7 TAF 0.0 TAF 0.0 TAF 34.1 TAF 349.6 TAF
O W astew ater 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF 0.0 TAF
W Total Outflow 239.1 TAF 386.3 TAF 77.9 TAF 15.1 TAF 57.3 TAF 43.9 TAF 819.6 TAF

Drainage Carry-over to Next W ater Year 8.8 TAF 54.7 TAF 4.0 TAF 0.2 TAF 7.5 TAF 0.0 TAF 75.2 TAF

Colusa Basin

Detailed W ater Balance
2000 Actual Year Scenario



SupplySupply

Collect data by point Collect data by point 
of diversionof diversion
Estimate Supply from Estimate Supply from 
water source mapping water source mapping 
& crop data& crop data

Supply = Surface AW Supply = Surface AW 
* ( 1* ( 1-- reuse) /reuse) /
(1 (1 –– Conveyance Loss)Conveyance Loss)



Water SourceWater Source

Surface WaterSurface Water
Mixed Water SourceMixed Water Source
–– represents potential use represents potential use 

of both sources on a of both sources on a 
particular cropparticular crop

–– defined as a ratio of defined as a ratio of 
surface/ground water surface/ground water 
for a region (e.g., for a region (e.g., 
60/40)60/40)

–– Changes from year to Changes from year to 
yearyear

GroundwaterGroundwater



Groundwater ExtractionGroundwater Extraction

Utilizes the Applied Water conceptUtilizes the Applied Water concept

Assumption:Assumption:
–– Groundwater extraction for a region is the Groundwater extraction for a region is the 

summation of the applied groundwater on summation of the applied groundwater on 
individual fieldsindividual fields

AW =  Acreage x Unit Applied Water = GW

Where

Acreage = GW Acreage + % of Mixed Source Acreage

Unit AW = ETAW / Application Fraction + Cultural Practices



Consumptive UseConsumptive Use

ETAWETAW
Conveyance and Drainage Conveyance and Drainage EvapEvap & ET& ET
–– Relationship to Surface Supply, Applied Relationship to Surface Supply, Applied 

Water, etc.Water, etc.
–– Estimates based on knowledge of systemsEstimates based on knowledge of systems



Deep PercolationDeep Percolation

Differentiate between seepage and Differentiate between seepage and 
deep percolationdeep percolation
Relationship to Applied Water, Supply, Relationship to Applied Water, Supply, 
etc.etc.



OutflowOutflow

Use gage readings to calibrate outflowUse gage readings to calibrate outflow
Make estimates where no data are Make estimates where no data are 
availableavailable



Water BalanceWater Balance

Calibrate using known outflow or Calibrate using known outflow or 
estimates of outflowestimates of outflow
Closure term is deep percolationClosure term is deep percolation
Sacramento Valley Water Balances Sacramento Valley Water Balances 
usually take multiple iterations where usually take multiple iterations where 
drainage flows are exchanged drainage flows are exchanged 
between DAU/County between DAU/County subareassubareas


